T A B L E O F C O N T E N

Main results
Of the 2991 studies retrieved, only one study with 38 study participants compared the two methods of history taking over a total of eight weeks. The authors found that as patients became increasingly familiar with using CAHTS, the correlation between patients' food records and computer assessments improved. Reported fat intake decreased in the control group and increased when queried by the computer. The effect of the intervention on the management of diabetes mellitus and blood glucose levels was not reported. Risk of bias was considered moderate for this study.
Authors' conclusions
Based on one small study judged to be of moderate risk of bias, we tentatively conclude that CAHTS may be well received by study participants and potentially offer time saving in practice. However, more robust studies with larger sample sizes are needed to confirm these. We cannot draw on any conclusions in relation to any other clinical outcomes at this stage.
P L A I N L A N G U A G E S U M M A R Y
Computer-assisted versus oral-and-written dietary history taking for diabetes mellitus
People with diabetes need to adjust their diet in order to control their blood sugar levels and avoid complications. Healthcare professionals often take dietary histories from patients to help them monitor their dietary intake and provide them with advice. Patient histories may be recorded manually by using oral-and-written methods or via a computer-assisted history taking system. Computer-assisted history taking systems can be used by healthcare professionals, or directly by patients, as in the case of, for example, pre-consultation interviews. They can be used remotely, for example via the Internet, telephone or on-site. They draw on a range of technologies such as personal computers, personal digital assistants, mobile phones and electronic kiosks; data input can be mediated via, amongst others, keyboards, touch screens and voice-recognition software. Although computer-assisted history taking methods were first used in the 1960s we are still not certain about their effects on dietary history taking in people with diabetes. Therefore, we reviewed the literature to find studies that compare the effects of oral-and-written to those of computer-assisted dietary history taking on the quality of collected data as well as on the quality of patients' lives. We found only one publication with 38 study participants that compared the two methods of history taking over a total of eight weeks. This study found that computer-assisted diet history taking would be as accurate as the oral-andwritten method and may potentially allow doctors to spend more time with their patients to discuss as opposed to taking measurements. However, it is not possible to draw reliable conclusions of which of the two methods is more effective from a single small study. We therefore suggest that more primary research is required in this area to allow an informed decision to be made by physicians, patients and policymakers.
B A C K G R O U N D
Description of the condition
Diabetes mellitus, henceforth referred to as diabetes, is a metabolic disorder resulting from a defect in insulin secretion, insulin action, or both. A consequence of this is chronic hyperglycaemia (elevated levels of plasma glucose) with disturbances of carbohydrate, fat and protein metabolism. Long-term complications of diabetes mellitus include retinopathy, nephropathy and neuropathy. Given the substantial morbidity and mortality associated with diabetes, it is important that we seek ways to gather data to manage patients effectively. Diet is an important factor that can have a major effect on the course of diabetes. Adherence to dietary advice has, for example, been shown to be associated with lower glycosylated haemoglobin A1c (HbA1c) levels and better control of disease (Delahanty 1993; Delahanty 2009). The dietary history may therefore be a useful clinical and public health tool for effective diabetes management. The dietary history in patients with diabetes has traditionally been taken by oral-and-written methods (or variants of this), but it can also be undertaken using computerassisted methods (discussed below).
Description of the intervention
Computer-assisted history taking systems (CAHTS) are tools that aim to aid physicians in gathering data from patients to inform a diagnosis, a treatment plan or both (Pringle 1998 3. the channel of presentation (e.g. auditory, oral or visual). Many of these computer-assisted methods are now supported via the use of the Internet. CAHTS draw on a range of technologies such as personal computers, personal digital assistants, electronic kiosks etc. and data input happen via keyboard, touch-screen, voice-recognition software among others. With the addition of diagnostic and reminder functionalities, CAHTS may influence all stages of the patient care pathway before, during and after the consultation. For example, with the addition of a diagnostic platform such as probabilistic advice and question-prompting, CAHTS may become instrumental in the decision-making process. Although CAHTS were first described in the 1960s, there is still uncertainty about the impact of these methods on dietary history data collection, clinical care and patient outcomes such as quality of life.
Adverse effects of the intervention
CAHTS may however also cause inconvenience to patients and physicians (Dale 2007), and they may also raise fears about possible breaches of privacy and confidentiality (Bowling 2005) . The use of self-administered CAHTS may possibly also lead to undetected psychosocial concerns because of reduced contact between the patient and the physician.
How the intervention might work
CAHTS can facilitate automations of some history taking approaches, thereby potentially aiding the collection of data in a timely manner. CAHTS can further be administered at a time that is convenient to the patient and physician and save time and costs (Benaroia 2007; Wolford 2008). Additionally, they can promote standardisation of data collection and compatibility with electronic health record templates (Llewelyn 2005) . This also offers the benefit that any data collected can then be potentially linked to a computerised decision support system and the patient offered personalised feedback on their dietary intake and how to modify this to reduce their risk of developing complications. Individually, patients may benefit from greater awareness of recording their dietary intake and the impact of this on HbA1c. Patients who might benefit from further intervention can also be identified. Physician and patient-operated CAHTS data are thus potentially important additions to the electronic health record as they can help to improve data quality through:
• data entry forms with data validation checks;
• encoding of data; • legibility;
• easier access to past records; • attribution of entries;
• greater availability;
• facilitating patient checks of their own data.
Patient-completed diaries online allow information on dietary and self-generated data (for example, blood glucose or urine analysis) to be made available to physicians without the need for a face-toface encounter. Collected data from gathered histories can also generate data sets that facilitate epidemiological research using patient level data ( Bachman 2003). Also of note is that some studies have suggested that CAHTS may substantially reduce the time spent on dictating and collating written records while being able to present relevant data in an easily accessible format (Tang 1995; Tang 1996).
Why it is important to do this review
Type 2 diabetes mellitus affects a significant proportion of the population in most countries, with an increasing prevalence in industrialised, transition and developing countries, hence making it an important health care issue worldwide.
With the move from hospital-to community-based care in many parts of the world, healthcare professionals need to become increasingly mobile, thus requiring access to data input facilities at the point of care. The gathered information can then be shared with a multi-disciplinary team of physicians, nurses and dieticians to plan a care package for the patient. There is a need for regular evaluations of CAHTS, analogous to techniques used in continuous quality improvement (Hogan 1997; Poissant 2005) . Most of the technologies are at present supported only by face validity and modest or weak empirical evidence. This influences widespread adoption in the management of diabetes and taking of dietary history, hence necessitating more evaluations of CAHTS. Unless these systems are adequately studied, they may not 'mature' to the extent that is needed to realise their full potential when deployed in every-day clinical settings (Auerbach 2007; Grizzle 2007). Given the social and psychological value ascribed to diet, assessment methodologies used most commonly in epidemiological studies are particularly vulnerable to social desirability bias (a tendency to behave in a way that we believe is socially acceptable and desirable). Some types of CAHTS may contribute to decreasing social desirability bias in patient-reporting of unfavourable behaviours such as potentially harmful dietary habits because it enables data collection without the need for an interviewer (Turner 1998). Although computer-assisted history taking systems have been available for around 50 years, successful use in routine healthcare remains variable, particularly in collecting dietary history for diabetes management. This review involves an up-to-date literature search and detailed description of the studies on CAHTS to provide the framework for a comprehensive evaluation that will lead to an evidence base to inform policy and practice.
O B J E C T I V E S
• To assess the effects of computer-assisted versus oral-andwritten dietary history taking on collected data.
• To assess the effects of computer-assisted versus oral-andwritten dietary history taking for managing diabetes mellitus.
• To assess the effects of CAHTS on improvement of dietary habits and better management of blood glucose levels.
M E T H O D S Criteria for considering studies for this review
Types of studies
Randomised controlled trials.
Types of participants
We considered studies that included participants aged 16 years or older at the beginning of the study, who were diagnosed with diabetes mellitus. Studies performed on participants suffering from impaired glucose tolerance were not included in this review.
Diagnostic criteria
To be consistent with changes in classification and diagnostic criteria of diabetes mellitus through the years, the diagnosis had to be established using the standard criteria valid at the time of the beginning of the trial (for example ADA 1999; Alberti 1998; WHO 1980; WHO 1985) . Ideally, diagnostic criteria should have been described. Where necessary, authors' definition of diabetes mellitus were used. Diagnostic criteria were planned to be subjected to a sensitivity analysis.
Types of interventions Intervention
We considered all computer-assisted (dietary) history taking systems (CAHTS) for people with diabetes. We considered the following six types of CAHTS (Bowling 2005):
1. Computer-assisted self interviewing 2. Audio computer-assisted self-administered interviewing 3. Computer-assisted face-to-face interviewing 4. Computer-assisted telephone interviewing 5. Interactive voice response telephone interviewing 6. Internet-based computer-assisted history taking
Control
Oral-and-written dietary history taking for people with diabetes
Types of outcome measures
Primary outcomes
• response rates to invitations for dietary assessment for diabetes;
• quality of data (error rates, completeness, accuracy, reliability);
• change in glycosylated haemoglobin A1c level (HbA1c).
Secondary outcomes
• adverse events;
• change in dietary habits (fat and nutrient intake);
• cost-effectiveness;
• patient and provider satisfaction with the methods.
Covariates, effect modifiers and confounders
We anticipated, that patients in the younger age groups (under 45 years old) would be more computer literate than those in older age groups (45 years and older), thus subgroup analyses were planned.
Timing of outcome measurement
Ideally outcomes should be measured at least three months postintervention to detect a change in HbA1c.
Search methods for identification of studies Electronic searches
We used the following sources for the identification of trials:
• The Cochrane Library (issue 6, 2011);
• MEDLINE (1985 to Week 1 June 2011);
• EMBASE (1980 to June 9 2011);
• CINAHL (1981 to June 9 2011).
We also searched databases of ongoing trials (http:// www.controlled-trials.com/) with links to several databases. For detailed search strategies please see Appendix 2. Additional key words of relevance that were detected during any of the electronic or other searches resulted in modification of electronic search strategies to incorporate these terms. Studies published in any language were included.
Searching other resources
We sought to identify additional studies by searching the reference lists of included trials and (systematic) reviews, meta-analyses and health technology assessment reports.
Data collection and analysis
Selection of studies
To determine the studies to be assessed further, two authors (I.W., Y.P.) independently scanned the abstract, title or both sections of every record retrieved. All potentially relevant articles were investigated as full text. Inter-rater agreement for study selection was planned to be measured using the Kappa statistic (Cohen 1960). Differences were planned to be marked and if these studies were later on included, the influence of the primary choice was planned to be subjected to a sensitivity analysis. Where differences in opinion existed, they were to be resolved by a third party. If resolving disagreement was not possible, the article would have been added to those 'awaiting assessment' and authors would have been contacted for clarification. An adapted PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow-chart of study selection ( 
Data extraction and management
For studies that fulfilled the inclusion criteria, two authors (I.W., Y.P.) independently abstracted relevant population and intervention characteristics using standard data extraction templates (for details see Characteristics of included studies and Table 1 , Appendix 3, Appendix 4, Appendix 5, Appendix 6) with any disagreements resolved by discussion, or where required by a third party. Any relevant missing information on the trial was sought from the original author(s) of the article, where required.
Assessment of risk of bias in included studies
Two authors (I.W., Y.P.) assessed each trial and performed assessment of bias independently. Possible disagreement were to be resolved by consensus, or with consultation of a third party in case of disagreement. In cases of disagreement, the rest of the group was to be consulted and a judgement would have been based on consensus.
We assessed risk of bias using the Cochrane Collaboration's tool (Higgins 2011) of which the following criteria were used:
• random sequence generation (selection bias);
• allocation concealment (selection bias);
• blinding (performance bias and detection bias);
• incomplete outcome data (attrition bias);
• selective reporting (reporting bias);
• other bias.
We judged risk of bias criteria as 'low risk', 'high risk' or 'unclear risk' and used individual bias items as described in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We planned to assess the impact of individual bias domains on study results at endpoint and study levels.
Measures of treatment effect
Endpoint versus change data: Where possible, endpoint data were presented. If both endpoint and change data were available for the same outcomes, only the former was to be reported in this review. If endpoint data were not available, but change data were, we were to report the change data in the tables and text of the review. However, for inclusion of a study reporting change data in the meta-analysis, we planned to calculated the endpoint mean from the change data given and would have assumed that the endpoint standard deviation was equal to the baseline standard deviation.
Unit of analysis issues
We took into account the level at which randomisation occurred, such as cross-over trials, cluster-randomised trials and multiple observations for the same outcome.
Dealing with missing data
Relevant missing data were obtained from authors, where feasible. Evaluation of important numerical data such as screened, randomised patients as well as intention-to-treat (ITT) and per-protocol (PP) population were to be carefully performed. Attrition rates, for example drop-outs, losses to follow-up and withdrawals were to be investigated. Issues of missing data and techniques to handle these (for example, last-observation-carried-forward (LOCF)) were to be critically appraised.
Assessment of heterogeneity
In the event of substantial clinical or methodological or statistical heterogeneity, study results would not have been combined by means of meta-analysis. Heterogeneity was to be identified by visual inspection of the forest plots, by using a standard Chi 2 test and a significance level of P = 0.1, in view of the low power of such tests. Heterogeneity was to be specifically examined with the I 2 statistic (Higgins 2002), where an I 2 values of 75% and more indicates a considerable level of heterogeneity (Higgins 2003).
When heterogeneity was found, we planned to determine potential reasons for it by examination of individual study and subgroup characteristics.
Assessment of reporting biases
Funnel plots were to be used to assess for the potential existence of small study bias. As a number of explanations for the asymmetry of a funnel plot (Sterne 2001) exist, we planned to carefully interpret results (Lau 2006).
Data synthesis
Data were to be summarised statistically where these were available, sufficiently similar and of sufficient quality. Statistical analysis was to be performed according to the statistical guidelines referenced in the newest version of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011).
Subgroup analysis and investigation of heterogeneity
Subgroup analyses were to be mainly performed if one of the primary outcome parameters demonstrated statistically significant differences between intervention groups. In any other case, subgroup analyses would have been clearly marked as a hypothesis generating exercise.
The following subgroup analyses were planned:
• age (16 to 45 years, older than 45 years);
• socioeconomic profile;
• geographical location (at country level);
• analysis by number of repeated exposures to CAHT interventions;
• year of publication;
• type of CAHT method (self-administered; professionaladministered).
Sensitivity analysis
We planned to perform sensitivity analyses in order to explore the influence of the following factors on effect size:
• repeating the analysis excluding unpublished studies;
• repeating the analysis taking account of risk of bias, as specified above;
• repeating the analysis excluding any very long or large studies to establish how much they dominate the results;
• repeating the analysis excluding studies using the following filters: diagnostic criteria, language of publication, source of funding (industry versus other), country.
The robustness of the results was also to be tested by repeating the analysis using different measures of effects size (relative risk, odds ratio etc.) and different statistical models (fixed-effect model and random-effects model).
Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search
A total of 2991 studies were retrieved via electronic database searches ( Figure 1 ) and imported into EndNote X4 from which 276 duplicates were identified and removed by a combination and sequential use of author name, publication year, title and journal pages and checked manually by the main reviewer. From the remaining 2715 studies, 2708 were screened out prior to the full text stage due to being deemed not relevant to our review. The reasons for exclusion of the studies were as follows: not a diabetic population; no computer-assisted history taking systems (CAHTS) being tested; no dietary history taking; dietary history data were not presented; focused entirely on how to use CAHTS; or the studies were not randomised controlled trials. Upon further review of the seven remaining studies, only one was included (Probst 2008), see Characteristics of included studies, Table 1 , and Characteristics of excluded studies for details.
Included studies
Only Probst 2008 met our inclusion criteria, the details of which can be found in Characteristics of included studies.
Excluded studies
Elaborating on the brief details provided in the Characteristics of excluded studies table, Sevick 2008 met most, but not all of our inclusion criteria. Sevick 2008 while a randomised controlled trial of diet history and people with diabetes using a personal digital assistant (PDA), did not employ oral-and-written diet history taking as a control, instead the control group was given general diabetes education. Additionally, primary outcome measures relevant to diabetes have yet to be published, thus providing only usability findings in its current state. Bakker 2003 and Beasley 2008 similarly would have been eligible if study participants had been people with diabetes. Bakker 2003 investigated the differences in interviewer bias between computerized dietary history taking and face-to-face interviews in a healthy population from a Dutch population cohort. Beasley 2008 studied Web pictorial diet history questionnaires in healthy individuals compared to paperbased diet history questionnaires. Glasgow 2000 focused on selfmanagement and counselling for diabetes. Their study mentioned the use of computerized methods to measure fat intake but did not have a control group which had measures taken using oral-andwritten methods. Ralston 2009 studied web-based management of diabetes and collected some dietary data using a web application, but did not collect dietary data for their usual care control group. 
Risk of bias in included studies
Allocation
Probst 2008 did not state how the randomisation process was performed, however allocation was concealed from researchers.
Blinding
No other mention of blinding was made by Probst 2008.
Incomplete outcome data
While the majority of incomplete outcome data were addressed, Probst 2008 did not address from which groups the losses to follow-up originated by week eight. Only details for week two were provided.
Selective reporting
No selective reporting was detected.
Other potential sources of bias
No other sources of bias were identified.
Effects of interventions
The initial response rate to invitations to the study (Probst 2008) was 92 of 105 eligible patients (92.6%) with 43 returned signed consent forms with variable quality of data. HbA1c was not measured by the study team and no adverse events were reported. Probst 2008 found that reported fat intake for the cross-over groups decreased when seeing the dietitian and increased when queried by the computer, however it was not clear whether the difference was attributable to patients being more honest when queried by a computer as suggested by Turner 1998, or whether they over-reported due to the greater visibility of available food on the web site. It was also found that patients became more familiar with each encounter with the computer-assisted history taking method which resulted in a higher correlation between intervention patients' food records and their computer assessments. As computerised assessments were self-administered by patients, their use was suggested to increase the time physicians may have available to spend with their patients to discuss their diet as opposed to taking measurements. This suggestion is in line with studies from Benaroia 2007 and Wolford 2008. Data on cost-effectiveness and patient and provider satisfaction were not collected. The effect of the intervention on the management of diabetes mellitus was not reported.
D I S C U S S I O N Summary of main results
Our comprehensive search strategy yielded 2991 studies, of which one met our inclusion criteria (Probst 2008). Via a context-based RCT, authors tested repeatability and relative validity of a computerised and interviewer-administered assessment. Thirty-eight adults with type 2 diabetes mellitus were randomised into four groups to complete computerised and interviewer-administered dietary assessments ( Table 1 ). The stated aim of the study was to investigate the relative validity and repeatability of the computer-assisted intervention (self-administered) compared to dietitian administered dietary history, which was confirmed. While there were several differences between the dietary outcomes of the intervention and control groups, most of these were not found to be statistically significant, suggesting that selfadministered dietary history taking whilst not greatly improving diet, was as effective as interviewer-administered oral-and-written dietary history taking. The relative validity for fat intake measured between week 0 and week 2 in particular correlated better with self-administered computer-assisted methods as opposed to the oral-and-written one, suggesting that computer-assisted dietary history taking may potentially be more accurate in extracting patient dietary intake. Implementing self-administered history taking in primary care has been suggested to increase available physician time by and therefore reduce waiting times (Benaroia 2007; Wolford 2008 ), while Probst 2008 also determined this to be the case, the data have not been published as part of the study, and we can therefore not verify this.
Overall completeness and applicability of evidence
With one study meeting the inclusion criteria (Probst 2008), we did not gather sufficient evidence to address all of the objectives of the review. We reported on secondary patient outcomes as indicated in our protocol.
Quality of the evidence
With one study meeting the inclusion criteria (Probst 2008), we are not in a position to make robust conclusions regarding the use of computer-assisted history taking systems for dietary history in comparison to oral-and-written systems.
Agreements and disagreements with other studies or reviews
There are no published reviews on the use of computer-assisted history taking systems ( Computer-literacy was sometimes identified as a limiting factor where participants needed to be given additional training in order to complete their tasks correctly (Sevick 2008). One study compared CAHTS to oral-and-written history methods on a nondiabetic population and found CAHTS to be more accurate and efficient than oral-and-written history both in terms of cost-effectiveness as well as being able to reduce interviewer bias (Bakker  2003) . A study using person digital assistants (PDAs) for diet history taking in a population with no diabetes found that the method was acceptable to users and high adherence rates in self-monitoring were directly related to meeting participants' set targets (Burke 2005) -a finding also supported by another study (Sevick 2008). PDAs were viewed by the researchers, partially based on participant feedback, as less cumbersome due to their user friendly interface and availability of print outs, which illustrated dietary intake and change in weight over time. PDAs were reported as being easier to use by participants than pen and paper (Tsang 2001). However, initial training and basic knowledge of using computers were helpful in allowing participants to maximise their utility from PDAs -similar to other computer-assisted methods (Jackson 2006; Probst 2005). A separate study noted that when entering their diet history into the computer, participants who encountered food items whose consumption was considered to be less socially desirable tended to shift their gaze or posture, which was observed by video recording (Probst 2009) . However, it was not clear whether this would result in a deviation in recorded food intake, especially between entering dietary history into a computer versus interviewer-administered versions. This may relate to one of the findings from where patients crossing-over from interviewer-administered history taking to self-administered computer-assisted history taking recorded an increase in fat intake and vice versa (Probst 2008) . As the computer-assisted version had more comprehensive food listings however, further research with larger sample sizes would be required to confirm or reject this suggestion.
A U T H O R S ' C O N C L U S I O N S Implications for practice
The one included study showed that patients exhibited a familiarity of using computer-assisted history taking systems (CAHTS) that increased with time. The use of CAHTS to gather dietary history from people with diabetes may provide more records and improve monitoring of fat intake (Probst 2005). The effect of CAHTS on the management of diabetes and related clinical outcomes is not reported.
Implications for research
While a variety of computerised dietary assessments exist, they are of variable quality. Only one RCTs met our inclusion criteria.
In absence of included studies we are not in a position to make strong suggestions about the direction of future research. However, from reviewing the wider literature, we may infer that RCTs are not the design of choice amongst researcher in the area. Further reviews may extend the list of included type of studies to potentially capture data from interrupted time series and controlled before and after studies.
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C H A R A C T E R I S T I C S O F S T U D I E S
Characteristics of included studies [ordered by study ID]
Probst 2008
Methods Context-based randomised controlled trial Participants 61.8 ± 9.3 years (41-75) of age, 85 ± 14.7 kg in weight, 55.2% female, type 2 diabetes, majority overweight, patients on database of a medical practice from Illawara region of New South Wales in Australia
Interventions
Patients allocated in equal numbers (n=10) to 4 groups: Group A had three computerized assessments, group B had three interviewer administered assessments, group C had two computerized and one interviewer administered assessments and group D had two interviewer administered and one computerized assessment Week 0, 2 and 8. Weight data entered during computerised assessments were not checked for validity, while interviewer-assessments measured weight. 3 day food records kept at the start of Week 0 and Week 2, which tested relative validity. Based on results, patients were given dietary prescription to follow for next 6 weeks Outcomes Total energy, total fat, saturated fatty acids, polyunsaturated fatty acids and monounsaturated fatty acids at 2 and 8 weeks 
D A T A A N D A N A L Y S E S
This review has no analyses. Professional completed The patient is present onsite with a health physician who facilitates the history-taking process with a technological system (audio presentation, oral, keyed input)
A D D I T I O N A L T A B L E S
The patient responds to a telephone interview by a health physician who records the responses (audio presentation, oral, keyed input) N/A
Patient completed
The patient is present onsite and conducts the history by himself/ herself through a technological system, such as laptop, desktop computer, or PDA (audio & visual presentation, keyed input)
The patient responds to an automated telephone system that records the responses for access by a health physician (audio presentation, keyed input)
The patient is given access to an online survey to complete, which 
